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VElHODFORPABRICATlNGTHINFnMSEMICONDOCIORDEVICES. 
R ELD OF THE INVENTION 

10 Bi«.CKGROUND OF THE INVENTION 

To d,y'« solarcdl production is doxninatedb^ 
tlu p^duced solar celb use relatively thick c^^ 

pn. thickness or more. On the other hand, an«,rphous Si solar «lls Lm 
mc de.t conversion efficiencies and unavoidable degradation effects. Irrespective of 
th, solar ceD concept used, nowadays the cost of the produced solar energy is for all 
stat^f-the-art devices too high to compete with conventional energy sources 
Palacularly, for solar ceUs using thidc crystalline Si substrates, having clearly the 
lar ^. market share, the cost per Watt of produced energy is mainly dominated by 
the high substrate cost for mono- or multi-<:rystalline substrates, llus substrate price 
car not be influenced too much since good quality Si material is required to obtain 
d« „able sdar cell conversion efficiencies. Additionally this substrate price depends 
on developments in the microelectronics industry since waste material from this 
mc ustry is used to produce substrates for solar cells. By using adequate deposition 
tec «,ques, hke for instance a chemical or physical vapor deposition technique, very 
solar cells can be formed. Tlr^ ability to make high^uality thin solar ceUs Z 
lea ! to m a dear cost reduction and make prices and availabiHty of substrates more 
inc ependent from otiier industries. 
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Provided that one succeeds to diminish tfte substrate cost substantiaUy and 
*e processing costs can further be limited by introducing as much as possible 
'^e and cheap processing techniques, cost projections assuring a reasonable 
ceU conversion efficiency of better than 10 % show that solar energy would 
- competitive with conventional energy sources which could lead to a break- 
for this enviromnentally benign energy source. Furthermore, the use of thin 
solar cells of a few jun thickness in conjunction with a plastic r polymeric 
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stpport film, makes the« cells very flexible and offers therefore a wider range of 
ajjplications than ttuck crystalline Si substrates. 

^^^^^ to a method of making a thin film solar ceU.lhe thin 

f.ln ,s formed on a multi-layer porous str«:hu^ having at least two layers of 
di ferent porosity. This porous structure is formed on a semiconductor substrate by 
anodization. However anodization is known as an effecti^^ but complex technique 
wluch amongst others has a negative impact on the overaU throughput of the 
fabricabon process. As a consequence, such a technique is less suited for mass 
production. According to EP 0797258, the thin film can be mechanically separated 
frcm the substrate along a line of weakness defined in the porous structure A 
drawback of this separation technique is that it is not suited for inass production, 
pakicularly when using techniques such as screen printing on the surface, because 
this irAerent built-in mechanical instability wiU lead to yield problems. Due to this 
n«cfeamcal instability the thin film can be unintentionally detached from the 
substrate prior to the intended separation. On the other hand, if the mechanical force 
rec ulred to separate the thin film from the substrate is high, i.e. the attachment is 
mechanically more stable, then this might cause stress and damage in the thin film 
layer duiing the separation process which, leads to a deterioration of the device 
;pei formance. 

OE pbCts of the invention 
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It is an object of the invention to fabricate thin film semiconductor devices on 
substrate which can be recycled after detaching it from the thin film semiconductor 
in order to diminish flie substrate cost substantially. 

Another object of the invention is to introduce as much as possible simple, 
and particularly highly reUable processing techniques during the fabrication of 
thin fihn semiconductor device. Furthermore, the use of thin film solar cells of a 
imi thickness in conjunction with a pUstic or polymeric support film, makes 
cells very flexible and offers fcerefore a wider range of applications than thick 
Cry^talliite Si substrates. 

It is a further object of the invention to introduce a highly reUable method to 
the thin film semiconductor devices from the reusable substrate. Preferably 
tfiin film semiconductor devfces are already hilly processed, ie. fully contacted 
attached to a support, before detachment from the substrate. 
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Tlie^mvention deals with a method for the fabrication of thin film semiconductor 

!! ^"^'"^ °' ^ '^'^ -our cells, light 

ei utttag diodes and power devices. Also the use of semitransparent thin film scL 
«lk for shading purposes seems to be feasible with the invented technique 
P. rtacularly, a method is disclosed for fabricating thin fUm semiconductor devices on 
a jeuaable substrate of a semiconductor material comprising the steps of: 

providing a substrate of a semiconductor material having at least one surface; 
formmg at least one porous layer on said surface of said substrate; 
depositing at least one semiconductor layer on said porous layer; ' 
forming active devices in said semiconductor layen 
fonning electrical contacts to said active devices; 

attaching a support to the surface overlying said metal connections; and 
non-mechanically detaching said substrate from said semiconductor layer by 
rex tioving said porous layer with a wet chemical etch using said support as an etch 
m4sk. 

invented method allows for simple and cheap processing techniques as 
set Ben printing to be successfully applied in combination with thin solar cells of only 
a lew pm thickness using very cheap supports such as plastic fUms. The whole 
pr( >ces6 is executed on a high quality substrate that is weD compatible with all high 
te^iperahire treatments as difhision and thermal oxidation. The thin film 
^conductor devices are lifted off from this comparably expensive substrate at the 
en, 1 of the process after being attached to a cheap second substrate, Le. ti^ support. 
Th ^ expensive high quality substrate is recycled and can be used for many 
pncessing cycles. Therefore the substrate is not contributing very much to the 
gei«ral processing cost. For simplicity and clarity, in the following descripHon and 
exa mpies the thin film semiconductor devices will be limited mainly to Si solar cells, 
bul the invention is in no way limited to thin film solar cells. 

According to the method of the present invention, optionaUy first a 
str^Lcturing or texturing of the substrate can be performed. This texhuing might be 
kef t for several processing cycles and wiD be found back as negathre profile on the 
ttui. fihn solar cell. After cleaning the substrate, at least one porous semiconductor 
laysr can be formed on a surface of the substrate. Particularly, a single porous 
sen iconductor layer can be formed having a uniform porosity or a gradient in 
porosity. Preferably this porous semiconductor layer is formed in one processing 
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sb:p by an electroless etching technique in an aqueous chemical solution. For 
u^tanceas^utionofH^aHFa^^ 

th. art can be used. Optionally this porous layer can be oxidized to fonn a kind of 
anu3q,hous or porous SiO, layer. The intention is to remove these porous Si or SiO 
la: ers at the end of the process in order to detach the thin film Si solar cells from thJ 
su^te. This can for instance be achieved by under-etching the thin films by 
so utions that etch the porous film at rather high etch rates selectively away. IT^ 
deachment is however only executed at the end of the processing sequence to 
be lefit from firm attachment to the substrate during pnxessing. As a consequence 
thi thm film contains a plurality of semiconductor devices which are basically 
coinpleted, fully contacted and attached to a support. Afterwards, primarily only a 
sei aration step in order to detach the thin film from the substrate and a dicing step 
to ^«parate the thin fUm devices one from another is required, "nds separation step is 
qi^te a challenge because dependent on the size of the substrate, e.g. a 150mm 
dia n«eter silicon wafer, one requires a process which aUows to perform a lateral etch 
ov<r several centimeters to remove the comparably thin porous layer, i.e. typicaUy 
bet «reen 05 and 5 Mnv in order to separate the thin film from the substrate. Moreover 
thii etch process has to remove this porous layer in a selective way especially with 
re^ >ect to the thin film and the semiconductor devices fl»erein but preferably also 
wil , respect to the substrate. The method of the present invention surprisingly 
sue reeds to meet all the aforementioned requirements amongst others because the 
8Uf port is used as an etch mask to protect the semiconductor devices during the non- 
me Jianical removal step. 

By using a high quality Si^taining substrate high temperature processing 
ste, s such as the chemical vapor deposition of a the diffusion and thermal 
oxi« lation of the thin film surface can be performed as for usual processing on thfck 
cry. taffine Si substrates without fearing degradation in the minority carrier life time 
or <onfaminatSon caused by the substrate. Also oflter high quality semiconductor 
sub ttrates such as Ge or GaAs substrates can be used. 

At 1 sast one semiconductor layer, defining a thin film, is deposited onto the porous 
surf ice layers by adequate deposition techniques. Particularly, crystalline Si layers of 
acceptable quality can be formed using a chemical vapor deposition technique. 
Dur ng deposition these Uyers can already be doped in order to create one or more 

p-n «nctions in the thin film by switching between different gas atmospheres using 
diffi rem doping gasses. Additionally impurities can be diffused at the exposed thin 
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JST^IZ" " -PP^-^s per patent .ppUc«on WO 

91 728798 which is hereby incorporated by reference. 

. Sclar cells can be formed in-the thin-film semiconductor Uye« comprising at least 
ore^n-^ doped region and at least one p-type doped r^oTl ^ 

contacted at Ae same surface. The exposed surface will be passivated typically by 
us .g thermal oxidation and/or SiN^ deposition steps. THe SiN^ dep^itJca^^ 
at the same time lead to a bulk passivation in the thin film if it fa followed 
su ^uently by a high tempexatu« step . As lor example, the short high temperature 
firngstep for forming printed metal connections contacting Ae n-type and retype 
rej ,ons. The metallisation is preferably performed by simple industrially applicdSe 
techniques such as screen printing of metal pastes. Contact to the n-type doped 
rei,on is typically oiade by printing a pattern of Ag paste. Contact to p-type doped 
ret ;ions is typically made by printing a pattern of an Al, an Ag or an AgAl paste The 
paftes are dried after printing and subsequently co-fired at elevated firing 
to^eran^res. During this short firing step not only good electrical contacts are 
^rned to the differently doped regions, but also hydrogen will effuse from the 
:SiJr.H, layer into the thin film bulk region to passivate possible defects (as for 
instance at grain boundaries when poly^talline Si was deposited). After 
metallisation, the solar ceU is functionally completed. 

In .rase the final solar ceU device will be used as back contact solar oeU and therefore 
only the non-metallised surface wiU be illuminated as front surface of the device a 
back surface reflector (BSR) might result in better Ught trapping properties a^ 
therefore better solar cell conversion efficiencies. TWs BSR might be applied 
opttonafly by first printing an electrically isolating paste (polymeric paste for 
ms ance) over one of the electrode metallisation patterns to thereby short circuiting 
the device when a metal is applied as BSR. Particularly, a highly reflective metal film 
car be applied over the whole back surface using techniques like evaporation or 
ela troless plating. In case a non-conductive material of good r^ectivity is used as 
BSI:, this electrically isolating paste can be omitted. A BSR has however not 
nec essarily to be formed direcUy in contact witi, the thin film solar celL ITie use of a 
refl active layer as back sheet of a finished solar ceU module might r suit in similar or 
be* er Kghl trapping properties (depending on the used passivation layers on the rear 
sur; ace) without asking for additional processing steps or cost. 
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this stage <jf the process the substrate fulfills all tasks to have a simple and reliable 
prjxMsing sequence. Before lifting off the thin film however another substrate has to 
attached to it as a support This is preferably a cheap and flexible plastic or 
lenc film, that can be appUed by screen printing tedmology as welL A 
paste can be printed and subsequently dried at temperahires around 200 
(S C Optionally this plastic film can be transparent. The support can be also 
attkdifid by using an adhesive film m behveen die support and the thin film. 
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Kr any the thin fUm solar ceU with the support attached to it is detached from the 
; sul >8trate. The detached substrate is then subjected to a recycling step and is used for 
ma ny further processing cycles. The detachment can be realized by under-ettiung the 
thi 1 fihn solar ceU with chemical etching solutions that remove selectively the porous 
sei uconductor or oxidized porous semiconductor layers and using the support as an 
«tc 1 mask.. . 

A* er detaching the thin film solar cell from the substrate the exposed surface of the 
*i I fihn can be processed additionally. This might be for instance a SiN, deposition 
at moderate temperatures, i.e. compatible with the support e.g. 200 degree C for a 
{elastic or polymeric support. The SiN. layer might serve as a passivation layer for 
ihiii surface but also at the same time as an anti-reflective coating layer when the 
sol ceU is used as a back contact solar cell. If the non-metallised surfece however is 
used as back surface, an additional BSR layer might be appKed optionally on this 
sur face to achieve better light trapping. 

Mc dule interconnection of thin film semiconductor devices that are produced in the 
described way is simpler than for conventional thick Si substrates since both 
temiinals are located on the same substrate surface and no connections have to be 
for ned from front to rear surfaces. The interconnection can be done as for usual solar 
cell modules by using solder coated Cu strips that might be soldered to the busbars 
of J i-type and p-type electrodes. This can be done already prior to the attachment of 
plastic or polymeric support and the subsequent detachment of the thin film solar 
cell J. It is however also possible to form openings at terminals in the support after 
finishing the process completely. Also monolithic module interconnection seems 
fea: ible. 

All processing steps that have to be applied in this thin film solar cell process are 
Sinn pie and at low processing cost and can lead to high throughput. TTw final cost for 
solar cell will mainly depend on the thin fihn deposition technique that is used. 
Calfculations show that the cost per Watt of solar energy can be drastically reduced 
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fcy aj^g such a process t less than 30% of the cost of today's industriaUy 
prcjduced solar ceUs. TWs will mean a major break through of solar ceU technology. 

BR EF DESCRIFnON OF THE DRAWINGS 
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drawmgs are primarily for better illusteation of the main features and are not to 
e. -nxe devices and fabrication steps are depicted in a simplified way for the sake 
of l>et!er visibility. Not all alternatives and options are depicted in the figures and 
therefore the invention is in no way linuted to the fabrication steps or device 
ttn ctares presented in those figures. For simpUcity the figures are also limited to 
Pi^^ half of the substrate. Fne method of the present invention is suited to form 
syn uhetricaUy on both major surfaces of the substrate exactly same struchires 
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Fig «e 1 depicts, according to an embodiment of the invention, a schematic process 
&o^ r for fabricating a simple thin film Si solar. A set of processing steps is depicted in 
figv re 1 a) to figure 1 o). 



Rg ire 2 depicts, according to the second embodiment of the invention, a schematic 
•esentation of a thin film Si solar ceU with a grown floating layer (21) on the 
20 substrate before detachment from the substrate. 



Kgiire 3 depicts, according to the third embodiment of the invention, a schematic 
lepi esentation of a thin film Si multi-layer solar cell with two layers of opposite 
dop irig type. Both demonstrated devices are still attached to the substrate prior to the 
defa chment step. 

ligiue 3 a) depicts, according to this third embodiment of the invention, a thin film Si 
mu] li-layer solar oeU with a n-type layer (31) and a p-type layer theieon(32). TWs n- 
layer (31) is selectively connected by means of a highly doped n-type region 

03) 

fig^ireS b) depicts, according to this third embodiment of the invention, a thin film Si 
mul ti^ayer solar ceJI %vith a p-type layer (36), a n-type layer (37) and again a p-type 
Iay« r (38) thereon. This n-type layer (37) is selectively connerted by means of a highly 
dopjed n-type region (33) and the p-type layer (36) is selectively connected bv means 
hi^y dt^ed p-type region (39). 
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Hgjre 4 depicts, according to the fourth embodiment of the i.-nvention, a schematic 
i^iesentatiort of a thin film Si multi-layer solar ceU wiflt a pluraUty of Uyeis of 



• 



all emating and opposite doping type. AU p-type layers (42) are connected by means 
of ja highly doped p-type connection region (44), all n-type layers (41) are connected 
means of a highly doped n-type connection region (43). The depicted strurtuie is 
de ached frooin the substrate. 
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D^AILED DESCRIPTION OF THE INVENTION 

m relation to the appended drawings the present invention is described in 
detail m the sequel. It is apparent however that a person skilled in the art can 
ma^sev«al_ otheiL.equivaIent. embo^ or other ways of executing the 
pi =sent invention, the spirit and scope of the present invention being limited only by 
th. terms of the appended clai^ts. TTterefore, although the method of the present 
in mention to form thin fUm semiconductor devices with a simple and cheap process 
is lot limited to Si solar ceDs the following description of some embodiments wiU be 
I lia uted for simplicity and darity to Si solar cells. 

It should be noted that high temperature steps can enhance the quality of Si 
Ihi tt film, provided that defects in the thin film difh,se at considerably high rates 
du rmg such high temperahae treatments. In that case the defects can diffuse to the 
po ous Si layer or to the high quaHty low defect density Si substrate having and «et 
tra>p^ ^ 

m a preferred embodiment of flie invention, as in figure 1, a method is 
disclosed for fabricating thin film solar cells on a reusable Si substrate. Preferably a 
:m< nosrrystaUine Si substrate (1) {Fig. 1 a)) of good quality with respect to the purity 
of he Si (high minority canrier life time) is chosen to serve as a substrate during thin 
ifibi deposition and subsequent processing before the finished solar cells are 
del ached from this substrate and the substrate is prepared in a recycling cycle to 
ser .e lor many other thin film production cycles. Alternatively, also multi^talline 
S, nubstmtes or other crystalline Si substrates of reasonably good Si quality can be 
u« d. The thidc typically 300 jim or more, substrate has to be cleaned at the start of 
*he process from surface contamination by means that ate well known to persons 
ski led in the art of solar cell processing. 

Subsequently (Fig. lb)) the substrate surfaces can undergo an optional 
tex uring or stnicturing step, creating a macroscopic stmcture (2) that wiU be found 
bac c as a negative structure on the deposited thin film after detaching the thin film 
soliLT cell at the end of the processing sequence. Even tftough this texturing or 
stn rturmg of the surface is not required for the device formation, it will serve in the 
finirfied solar cell device as U^t trapping scheme, deariy improving the final solar 
oeU conversion effidency. The texhmng or stnicturing of the device can be 
performed by methods wdl known in s lar cell processing as random alkaline 
^ uring, medianical stnichiring or even more elaborated light trapping sdiemes as 
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Ascribed in the Uteratui^. Since the mentioned macroscopic structure will be 
bstantiaUy the same after recycling the substrate at the end of the processing it can 
^ be used over several thin film solar cell manufacturing cycles and has not to be 
re|ievved after each process cycle. 

In a next step, Hg. Ic), a thin porous Si layer (3) is formed by an electroless 
et4hing technique in an aqueous chemical solution. This chemical solution typicaUy 
coivprises water (H,0), hydrofluoric add (HF), and nitric add (HNO,). Additives 
; suit as PVA (polyvinyl alcohol) or PVP (polyvinyl pyridine) or other additive^ 
kncwn to persons skUled in the art, that might improve the homogeneity of the 
porous Si film. An electroless etdiing step for porous siUcon formation can be 
pe -fonned on many substrates simultaneously. For instance, a plurality of substrates 
can be immersed in a tank with the aqueous chemical solution. This yields a high 
thioughput, good controUability and homogeneity. On the other hand, a gahranic 
po -ous sUicon formation tedmique requires to contact the substrates to an electrode 
id! incompatible with the requirement for a high throughput and therefore makes 
ithi , tedmique less suitable for industrial application. TTie porous Si layer is used as a 
sac rificial layer and will be removed at the end of Ae process. During processing it 
imi; 5ht serve for gettering impurities and defects from the deposited thin film. These 
un; >urities and defects might diffuse into the much larger bulk Si substrate having a 
yeiy low concentration of impurities and defects or they might be trapped on the 
huj5e surface area of the porous layer. The latter holds espedally if the porous Si 
lay a- and/or the underlying substrate are highly doped by phosphorous wHdi is 
we 1 known by persons skiUed in the art of solar ceU processing to trap impurities 
anc defects during gettering. 

The surface concentration of either n-type impurities or p-type impurities in 
the porous Si film might optionally be intentionaUy increased. This step can be 
exe cuted after or prior to the porous Si formation. The first option has the advantage 
tha \ extremely high doping impurity concentrations can be achieved by the huge 
sur ace area that interacts with the diffusion source. Tlie latter option has the 
ad^ antage that the surface layer of the substrate has a different doping than the bulk 
of t lis substrate. This aUows during porous Si fbnnaHon for structures of completely 
difi erent porosity in the diffused top region and the bulk region just below. Such a 
dot ble structure in the porous film might facilitate the detadunent of the thin film Si 
^ole r cell at the end of the process. 

llie porous Si formation step can be optionaUy foHowed by a thermal 
pxic lation step or an oxide deposition step. During thennal oxidation the porous Si 
^y^ is transformed in an SiO, film that might be still porous or amorphous in its 
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; »h ucture. Such , film cm be onder-eW«d «leclively „ *. end of fte process „si,» 

mi 1^ ""^8 from about one to several 

PD growth of S. from gaseous sources. Temperatures for ftus technique are 

t film can be Aosen a<xordmg to &e final thin film stntc^^ 
pre pemes as well as the achievable effective minority canier Ufe time at the ^ of 
^ prc^ss ^etenni.. the ideal thidmess of the deposited layer. In case there is 
opi«i for oxid^mg the porous silicon layer, then a tt«=nnal oxidation step can be 
pee ^ted during the temperature ramp-up in the Si growth system by using a oxygen 
.on tammg gas atmosphere. IThe use of oxygen or inert gases as N, ^t alw^ 
con^ traces of oxygen being sufficient to oxidize a surface at elevated 
temperatures, win result in a poly^stalline Si thin film after Si deposition. TWs 
giv,.s however the advantage of saving processing cost because for the growth of 
mo KMrrystalline thin Si films a reducing gas atmosphere of highly pure H is 
?eq, ared durmg the temperature ramp up. Therefore the omission of highly pure H 
^UJcleariy reduce the cost of processing gasses. 

J Furthermore, during fte thin fihn growth doping gasses can be controUably 

W^^^^;"''".*" "^"^^ - - ^^ol 

wh« n dxffe^nt dopmg impurities of opposite type are introduced. To achieve steep 

tran atrons from one doping type to the other and to avoid cross doping as muchi 
I^ible, the growth of Si of different types might be executed as well in locally 
s^. rated processing enviromnents (in a basically continuous deposition system with 
s,ve ral deposition areas).Using these possibilities, junctions can virtually be located 
2 ar y desirable plane in the bulk of the thin film device, that is paraUel to the surface 
gan TWs gives a lot of freedom in the choice of the final device structure of which a 
f^ ate described here as exemplary embodiments. These embodiments are only 
tples of advantageous use of the invention. The invention is however not limited 
11 7 "^^"^ embodiments, but might be used in many other variations and 
n^od Nations that are obvious to persons skilled in the art 
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Further according to tixis fb^t o».i 

S. layer. Op«<„^y , , ZhT ^ , ™* 

-ncen.,.«„„ v.^^ ^^'^'^.^'^ "ave *e doping 

iiwiiftoion at fto,e aieas An n T <ta«» ami avoid, any n- 

-cure. ^ paJnVl:.; ~ It ^^i^S:*".^--^ 
^iBCTodc and is .ypicany ,Uo cho^n be ^11^7.^ 7 ^ ""^ 

resion, at WW* th, di,ft„,„ P-ate wLtLl^T,!!:^"'"'^ .en,p«at„^ 

till., however, P diffuses indi,«lv A« the same 

tH,»e areas fl«t are ^c^^l 7,^ ™ 

w. aU, doped n^ reZTa^.l ttTJ r.'ZiT' ' 
™ tead of a dielecfric paste c:^ ho *"'™">^='y. » P-«>pe dope pa„e 

^» pa^te, an ^Sc^cZl"^ ' T"^' - ^ '"r instance . 
P-,.crp-r.gio.L^^'^r,^^»*^--.<.»^^ 
■na sung paate, ,s f„, , ^iO d^k, ^ ^ "^^ f"*^ °' 

^a de4rrrr«2rj:i^^rr *« ^ 

•.y. r (9) is deposited <«g. ,h, by "jT^'' ' 

df,«^ prints ""rLt^b^*^"!" '* 

fe»n Imogen being'^ut^^ t^^^^^^ r 

^.e^tureanneaUng step and effosingf.«„e.sSi4^^^.:r 
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»Hace ^ ^ Jit, t ^^.^ni^r - 

requirement for the thin film devices ain«. A , ^ important 

known to persons skilled in the a« ^„ , P««va»on l.y«. weU 

After surface passivation both electrodes nf tKo ^ • u 
^ end „p wi* e opereSonal tt™ fi,„ u ZLm^^ 

•Mng through .echni.^e- *=. allow, .o ^ ^ 

ana-reflective coalinKlaw«urin„.__ ^ Privation or 

viti. fte highly Led n ' " " aUgnn«,t 

ai^t ^ ^tTLT;."" »^ an Ag, AgAl or A, paste „0, in 

c^tacs (12) and (13) are ^T,^^ * """^al 

I ; «ia uo; are foimed to die respective solar cell ,^^r^ 
bi. seen from figure 1 n wifK-., * • electrode regions as can 

om ngure 1 j) without causmg shunt resistance by metal Dar«rl«= . 

;h.^ the ^t. e^veMr:T«rz.ar:: ir^d-r^ni 

(s.^'r;r^''''^"'''"*'"^-'^-°'*'*^ffln.soUr 
ier,atthe.,.r«.r:ri" 

«>1 « going to :be used as rear ^cTl^ll ** 
rw>rably the suoDor. .71 wiU not be illuminated. 

wi««and IT K •» «a,y to apply, *e.p, flexible and i, ha, to 

wit island the subsequent HftH)£f procedun n, ^ Z "™ ii nas to 

Par Icularly the support has to ZT^:^:^;^ 

rtwhanical detachment steo ho*. " '•a^=' d-™* fte non- 

^» ds that a surface w^. f "^^-"^ '* 

■a covered by this layer IS exposed to the etch solution to 
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ftmlT, avoid damaging Ws»urf«» during ft. etch process P,^.1,1 , ^ 

'Ushc or polymeric aim *a. am be easily appUed by se«„ Zl^^ 
.a-e onto *e ,„d drying 1. ^ „L ch^p^:^:^;,::':^ ' 

-pport or supports onnposed Of a differen, materia) be B^^lrL' 
• «*ce is goi^g ,0 be used a, fton. surface of *e final ^^^l^^ZT 

-n-lWn am solar cell is lifted off (fig.i frca, ^ ,^3^ . 

»cv^ *e porous interface layer (3, using suppo,. a, „ 
prefembly executed by under-elching using a chemicd etching ^MuHoT ^ 
«aecavely attacks the elecroless porous Si or oxidised porcu, ^^d^ rT.,^. 

. ..™d«ed at *e thin amsolar ceii surface that w« atteched before to the subs^te 
«g»™ of the substrate. In thatcase there i, no direct. ««. for chemi^ ^lutio™ ^ 

s. bstrate can be deteched. Alten«.ively this access be achieved by fppiyi^ Z 

ZZLT^^ *e edge regions when Uus seerr^ favorable or 

: be teflaal for. the final ceD perlonnance. 

L, oot!^ nTT^ "^"^ cell, 

optionatty be attached by soldering prior to the attachment o, a support or by 

p ^openmgs in the support to access the busbar, of both electrode J^Uis. J 

_ After detachment of the cooyleted solar ceU structure the surface that «as 
^ m^ac «i* the substrate is stil, basicaBy unpassivated. TwT^ 
? jmonal ^ or TiO. deposition can be performed (fig., n), „ this su.^." 

CZT '"'^ as a support the deposition temperature 

^ *ese matenals has to be adapted. Experimente show that ten^ature. dowT^ 

by. rs OS) that might serve a. the same time as anS-reflective coating (ARC) Uv^ 

ZZ^. * '""^ - Hair of the substrata Lio^ 

st.^ *" °™ ^^«-«y - both major surfaces o, «te carrii^ 

sMbi trate exactiy the same structures. 
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Wl>ichc*lhesurfacwistolieiiseda,ik,fr„, .. ^ j 
*e ouaH.^ <tf a„ a* fllmTal J^.^^ ^"^^ "> 

^ and «,e sHadi., ^ ^Z^r^- 
metaUised surface is chos«»t,.K-»u ^ patterns m case the 

^ (BVA, . ,a^L .o rra<r^A jL^Ti:^ 



ta a second embodinimt of the present inventian (Bm- 21 « , 
■ example, the fon„.H„n of the thin fito, i» ^, 'j^" * """" 

IJTea a^terU. (22, and h«her processing is executi « Z^^ZT. 
'"•^ o™ of the masons u, fonn such a thin n^r?, ^' 
« , .urfaoe that i, only accessible a. the end o, th^^.^^Tc^'" r 

I f"-'««"o''W»»-f«eI«causewealdydopedn.ty!r^"^t^l'""" 
! arulbetterpassivated Atthe«,do** » layers can be niuch easier 

: c^npletely UoiateTflot^ ^ -^^^ 
piewiy isolated floating junction or can stiU be connected ^» » ^^ u . . 

: P-*-er the edse^^ons of the thin fito^iZtl™ !^^^^^^ 

20 i uideroeathU opened before 0,<.rfitt • " ™ «o the porous layer 

moved a. the L« ""^ " " """" if *e thin fib. fc, 

^ '^"S'regions previous to n-typedl«uaion. 

: * j.:fr::drrb^«2rrrr"ai'"''r 

^ C^^nj^^ ^ «^ «B is no, used ^ 

35 1^ r ^ ^ '""^"^ '^•^ •» *« *«P<«d »u,te of the thin 
; ™^®^^™CKness are encountered at the end 
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Of flie thin fUm solar ceB fabrication process. One can either start with the formation 
of an n-type or a p-type doped layer on the porous silicon layer and continue with an 
opposite doped layer on top. Both options seem to be feasible. 

As a first option, figure 3 a), according to this third embodiment of the 
invention the thin film deposition starts with fliedeposition of a n-type layer (31) on 
the subsh-ate (1), that has a porous layer (3) on it's textured surfaces (2) as previously 
described. By switching to another doping ambient subsequently a p-type layer (32) 
s deposited. FmaUy a selective diffusion is used to form the n-type layer (7) that is 
veaker doped than the selectively heavUy and deeply doped regions (33) that ar 
brmed during a selective diffusion step. The diffusion at these areas penetrates that 
Jeep in the substrate that the p-type layer (32) gets locally over-doped by n-type 
. loping atoms. By doing so access is provided to the stiU deeper n-type layer (31). The 
. ieep n-type layer, the deeply n-type doped region (33) and the weakly doped n-type 
iiurface layer (7) are all electrically connected and contacted by means of a metal 
connection (12) (preferably by screen printing an Ag paste). The other processing 
s teps can be executed according to the first embodiment of this invention. Hie 
lesulting structure differs from tfie one described in figure 2 because now all three 
layers of the n-i>-n stack are actively contributing to the coUection of minority 
carriers. In that way the collection volume of the thin film solar ceU can be increased 
particularly in case the minority carrier diffusion length is smaller than the device 
t lickriess. 

Particularly the n-type layer (7) and the n-type doped regions (33) can be 
farmed by selectively printing a diffusion paste while other areas can be masked 
f rom diffusion by a masking paste for instance. During the diffusion step, those areas 
t lat received diffusion paste will get heavily diffused resulting in n** region (33) that 
y ave to penetrate through the p-type Si layer. Penetration depths in the order of 1pm 
can be easily achieved when using a phosphorous paste and the grown junction can 
cxisequentiy be located Ipm below the surface giving stiU local access to the buried 
g rown n-type Si bulk layer (31). All areas that were neither covered by the diffusion 
F aste nor by the masking paste will get weakly and shallow doped n layere (7). This 
i! again due to the indirect diffusion via the gas phase, mentioned earUer. This aUows 
o 5nsequently to have all major surfaces n-type again which is advantageous to obtain 
a[^ effective passivation. Hus results basically m a structure with a p-type layer 
SiindWiched between two n-type layers, having aU three layere connected to 
ectrode terminals <Mi th processing surface. 
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A. a. second op^^^ 

^ thm film deposition starts with the deposition of a thin n-type floating emitter 
layer (35) on the substrate (1), that has a porous layer (3) on it's textured surfaces (2) 
« previoUsIy:described. This is foUowed by deposition of a p^ layer (36), an n- 
ype layer (37) and another p-type layer (38). During a subsequent diffusion step 
wo diffu«on pastes of opposite type a« used. ll.e p-type regions (39) get very' 
Jeeply difhised, while the n-type regions (33) get just deeply enough n-type diffused 
o access the n-type layer (37). T7« weakly doped .egions (7) are created in the same 
nanner as in the previous embodiments. The p-type regions (39) used to access the 
mned p-type layer (36) can be formed either during diffusion using a paste with a p- 
ype doping impurity as Al, Ga or B or only at the end of the solar ceU processing 
i equence using an AJ paste for metallisation. Al alloys very fast with Si already at 
emperatures above the eutectic lemperahue of about 580 degree C and can be used 
I o penetrate locaUy deeply {high diffusion rate) inside the Si layers. TTus aUows to 
iDcate the deyice junction at virtuaUy any desired location of the thin film as for 
1 stance at half of its thickness having stiU the possibiUty to connect the buried p- 
1 ype layer to the metal grid that will be formed on the surface that is accessible for 
1 recessing before lifting off the thin film solar ceU. The p- regions of AI aUoys can 
I enetrate easUy 20 pm or more if required. Tltese regions should be well separated 
1 rom the n^ regions (33). The grown n-type Si layer (37) should be of rather high 
r ^sistivity to avoid shunt paths to the p- regions (39). The possibility to locate the 
I rown junction plane at virtuaUy any deshed location parallel to the surfaces can 
I ive the same advantages as described in the discussion of fig3 a). Furthermore 
I osihomngthe junction in the middle of the device might be an advantage due to the 
V icrease of the accessible collection volume of the device which can result in better 
c mversion effidaides of the thin film solar ceU. 

In case no optional n-type layer (35) is formed on the porous Si layer, then the 
p -type surface that is in contact with the substrate during processing might not be 
e »sy to pasdvate when using the same processing sequences to finish the solar cell as 
d sscnbed m the previous embodiments. In case an additional thin n-type layer (35) is 
f< «ned then this layer can be either completely floating or connected via a difhision 
aongthe edge of the thin film as already descrt,ed in embodiment 2. All other 
p ocessmg steps as diffusion, passivation and metallisation can be executed basically 
ijj the same way as described in the previous embodiments. 



In a fourth embodiment of the present invention (figure 4), as a fourth 
e aimpie, the formation of a multi Si layer thin film is such ttiat a dun film Si solar cell 
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s formed comprising a plurality of parallel collecting junctions in the bulk of the 
Jeviqe, Pfflticularly, when the used deposition techniqu s for thin film formation 
«ult orUy in $i layers of modest quality and lower nunority carrier diffusion lengths 
lian the device ttuckness, it is advantageous to have as many as possible parallel 

collecting jimctians in the bulk of the device in order to increase the responding 
loUection volume dearly. Figure 4 depicts such a multi Si layer thin film device with 
I pluraUty of n-type layers (41) and p-typc byers (42) that are all fomied by Si 
Jepo&itiori in alternating doping source ambients. Such an alternated deposition 
:ould occur at differ^t locations in a quasi-continuous deposition system without 
uving to ramp the temperature up and down l>etween the consequent individual 

i ieposition steps. To connect all individual layers to the surface that is metallised by 
he contacts (12) and (13) as for previously described cells, a deep local diffusion of 

1 H>th doping impurity types is required to form the highly doped connection regions 

' 43) and (44). The fabrication of such connection regicms without ahtmting the solar 

< ells is qiUte difficult. This can be done by applying selectively the diffusion sources 
(►f the respective type as for instance l>y screen printing doping pastes and usir\g 
masking paste to avoid lateral cross diffusion. Care has to be taken that during the 

< iffusion no excessive cross doping will occur between the grown Si layers of 

< iffercnt doping type since the thickness of each of this layers is substantially smaller 
t lan the device thickness through which the local diffusions extend. Therefore the 
\ Lse of differertt doping impurity atoms during the thin aim giowtti process and for 
t le local diffusions seems to be unavoidable. E>oping impurities like Al and P, fliat 
c iffuse at reasonably low temperatures comparably fast ttu-ough Si, have to be used 
i\ dififusion piastes for flie selective formation of the connection regions. Doping 
i npurities like B and Sb that diffuse at typical diffusion temperatures only slowly are 
I referably used for doping the various Si layers during the Si thin film growth. The 
\ arioiis n- aiui fvtype Si layers sho\ald be preferably weakly doped to avoid lateral 
s iimt paths in the Si bxilk between the different strongly doped connection regicms 
t lat vwiU be metallised. 

It shoxild be stressed once more that the present invention is by far not 
Lmited to Si solar cell devices as discussed in tiie previous embodiments. Other 
s amiconductor materials can be used as well. Combinations of different 
saniconductor layers seem attractive as well. For instainre a stack of Si and SiGe 
layers could offer an interesting tandem solar ceil device. Si layers could serve for 
better sxirf ace passivation, while sandwiched thin SiGe layers very closely spaced 
fi om the front surface could offer a better choice in c nverting highly energetic 
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3hotpns. ThC; byer& can be grown in the same way as fee previously described 
unctions can Ije grown, i.e. by switching the gas atmospheres during deposition. 
?urthennore, also other semiconductor devices such as diodes or power devices can 
je fabricated according to the method of the present invention to drastically reduce 
he overall cost by using a comparably cheap Si thin film on a cheap substrate 
>vithout mcre^sing procesang cost considerably. 
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WHAT IS CLAIMED IS: 

I. A method for fabricating thin film semiconductor devices on a reusable substrate 
rf a semiconductor material comprising the steps of: 

providing a substrate of a semicoiKluctor material havii^g at least one surface; 

forming at least one porous layer on said surface of said substrate; 

depositing at least one semiccMiductor layer on said porous layer; 

forming active devices in said semiconductor layer; 

forming electrical contacts to said active devices; 

attaching a support to the surface overlying said metal connections; and 
non-n^echanically detaching said substrate from said semiconductor layer by 

removing said porous layer with a wet chemical etch using said support as an etch 

nasic 

I A method as recited in claim 1, wherein said porous layer on said surface of said 
jubstrate is formed by an dectroless etching technique in an aqueous chemical 
iolution. 

i. A method as redted in claim 1, wherein said surface of said substrate is textured or 
structured prior to forming said porous semiconductor layer. 

I. A method as redted in claim 1, wherein said support is composed of a plastic or a 
K>lymer. 

11 A method :as redted in claim 1, wherein said porous layer is a single porous 
; iemiconductoir layer. 

I >. A method ais recited in claim 5, wherein said single porous semiconductor layer is 
brmed such that there is a gradient in porosity. 

I \ A method as redted in daim 5 or 6, wherein said porous semiconductor layer is a 
xorous silicon layer, said mettiod further comprising the step of thermally oxidizing 
1 laid porous silicon layer to thereby convert said porous silicon layer to a porous 
i ilicoh oxide layer. 

. A method as redted in daim 7, wherein said substrate is detadied from said 
iemiconductor layer by removing said porous silicon oxide layer using a wet 
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chernical etch, said wet chemical etch being selective to said substrate and said 
semiconductpr layer. 

^laims 1 to 8 

9. A pethod as recited in any of yr wherein said active devices comprise at least 
one 0-type dpped region and at least cjne p-type doped region being formed in said 
semitonductor layer and having an exposed surface, and wherein said n-type region 
arwl said p-t>^e region of said active devices are contacted at said exposed surface by 
said metal cpnaections . 

10. A metho^ as redted in claim 9, wherein said metary^^*^*^? formed by screen 
printing a fir^ metal paste to contact said p-type doped regions and a second metal 
paste to contact said n-tjrpe doped regions. 

11. A method as recited in claim I, wherein said semiconductor material of said 
substrate is selected from the group consisting of Si, SiGe, Ge, GaAs. 

12. A method as recited in claim 11, wherein said substrate is doped with either an n- 
type impurity or a p-type impurity, said substrate having a highly doped surface 
regicn wheretm said poroijs layer will be formed. 

13. A method as recited in claim 1, wherein each of said semiconductor layers is 
eith^ an n-type or a p-type doped layer being composed of a semiconductor 
material seleqted from the group consisting of Si, Ge, SiGe, CaAs. 

4. A method as recited in claim 13, wherein said thin film semicoculuctor devices are 
thin film solajr cells having a plurality of actively collecting semiconductor layers of 
different doping types. 

15. A method as recited in claim 1, wherein after detaching said substrate an 
additional layer is formed on exposed parts of said semiconductor layer, said 
additional lajrer being used at least as a passivation layer or an anti-reflective coatirtg 
layer or a back surface reflector layer. 

16. A method; for fabricating tirin film semiconductor devices on a reusable substrate 
of a semiconductor material comprising the steps of 
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providing a substrate of a semiconductor material having a first major 
sxirf^ce. a second major surface, opposite to said first major surface, and edge 
surfaces; 

forming at least one porous semiccMiductor layer on each of said major 
surfaces and said edge surfaces of said substrate by an dectroless etching technique 
in an aqiieou^ chemical solution; 

depositing at least one semiconductor layer on said porous semiconductor 

layer; 

forming active devices at least in the semiconductor layers formed on said 
first major surface of the substrate; 

fcxmiiig metal contacts at said first surface of said substrate contacting said 
active device$; 

attaching a support to the surface overlying said metal connections; 
removing at least the semiconductor layers formed at the edge surfaces of the 
substrate to thereby expose the edges of the porous semiconductor layers; and 

non-rhechanically detaching said substrate from said semiconductw layer by 
removing said porous layer with a wet chemical etch xising said support as an etch 
mask. 

17, A method as recited in claim 16, wherein thin film semiconductor devices are 
fabri|::ated:both in the semiccmductor layers formed on said first major surface of the 
substrate and' on said second major surface of the substrate. 
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A5STBACT 

\< ETHOD FOR FABRICATING THIN FILM SEMICONDUCTOR DEVICES 

■nie present iny^^^ related„to a.method for fabricating ttun film 

semiconductor devices on a reusable substrate. Examples of such devices are for 
instance solar dells, light emitting diodes and power devices. The invented method 
al 0W8 for simple and cheap processing techniques like for instance screen printing 
aiid electroless etching to be successfully applied in combination with thin film 
86 miconductor devices of only a few pm thickness using very cheap supports such as 
p astic fihns. The whole process is executed on a high quality substrate which is 
ccmpatible with all high temperature treatments such as e.g. diffusion and thermal 
OJidatibn. After being attached to a cheap second substrate, Le. the support, the 
ccmpleted thiri film semiconductor devices are lifted off from this comparably 
e> pensive substrate at the end of the process by a wet etching technique. The 
ex pensive high quality substrate is recycled and can be used for many processing 
C5cles. 
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Fig. ia): 



Fig. lb) 




Fig.:ic): 




Fig.1cl): 
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Fig. la): 
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